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Anastomotic Leakage Is Predictive of Diminished Survival
After Potentially Curative Resection for Colorectal Cancer

Kenneth G. Walker, MD, Stephen W. Bell, FRACS, Matthew J. F. X. Rickard, FRACS,
Daniel Mehanna MBBS, Owen F. Dent, PhD, Pierre H. Chapuis, DS, and E. Leslie Bokey, MS

Objective: The aim of this study was to determine whether anasto-
motic leakage has an independent association with overall survival
and cancer-specific survival.
Summary Background Data: There are many known prognostic
indicators following surgery for colorectal cancer (CRC). However,
the impact of anastomotic leakage has not been adequately assessed.
Methods: Consecutive patients undergoing resection between 1971
and 1999 were recorded prospectively in the Concord Hospital CRC
database. Total anastomotic leakage was defined as any leak,
whether local, general, or radiologically diagnosed. Patients were
followed until death or to December 31, 2002. The association
between anastomotic leakage and both overall survival and cancer-
specific survival was examined by proportional hazards regression
with adjustment for other patient and tumor characteristics influenc-
ing survival. Confidence intervals (CI) were set at the 95% level.
Results: From an initial 2980 patients, 1722 remained after exclu-
sions. The total leak rate was 5.1% (CI 4.1–6.2%). In patients with
a leak, the 5-year overall survival rate was 44.3% (CI 33.5–54.6%)
compared to 64.0% (CI 61.5–66.3%) in those without leak. In
proportional hazards regression–after adjustment for age, gender,
urgent resection, site, size, stage, grade, venous invasion, apical
node metastasis and serosal surface involvement–anastomotic leak-
age had an independent negative association with overall survival
(hazard ratio �HR� 1.6, CI 1.2–2.0) and cancer-specific survival (HR
1.8, CI 1.2–2.6).
Conclusion: Apart from its immediate clinical consequences, anas-
tomotic leakage also has an independent negative association with
survival.

(Ann Surg 2004;240: 255–259)

Anastomotic leakage is a serious complication following
restorative resection for colorectal cancer (CRC). Its

reported prevalence varies as widely as from 1% to 39%, but
comparisons are difficult because of a lack of standardized
definition.1 Leakage may present as generalized peritonitis
requiring abdominal reoperation, as a more localized collec-
tion that may discharge, or as a subclinical leak detected
merely on contrast radiology. Hitherto those without perito-
nitis have been generally considered to be of less conse-
quence.

Several factors have been shown to have independent
prognostic significance for survival following potentially cur-
ative resection for CRC.2–7 However, there are only a few
reports on the association between anastomotic leakage and
long-term survival.8–11 The aim of this study was to examine
the relationship between anastomotic leakage and both over-
all survival and cancer-specific survival in our patients.

METHODS
Since 1971, clinical, operative, pathology, adjuvant

therapy, and follow-up data on consecutive patients who had
a resection for CRC at Concord Hospital have been recorded
prospectively in a computer database.12 From 1979, the
clinical and operative data were recorded by one surgeon
(P.H.C). Since the establishment of the database, 90% of all
surgical specimens have been dissected and reported on by a
single pathologist (R.C. Newland), who also reviewed the
histology of the remaining cases and coded the pathology
data.

A standard surgical technique was adopted in 1980. In
addition, total anatomic dissection of the rectum was intro-
duced in 1981 and has been performed by all members of the
department since 1984. This technique has been described in
detail elsewhere.13,14 Patients undergoing elective resections
received a standard preoperative bowel preparation. For an-
terior resections, the distal rectum was lavaged with saline or
water prior to division.

Histopathological examination of all surgical speci-
mens was according to a standard protocol, and the cancers
were staged using a clinicopathological system that has been
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validated by survival analysis.7,15 An apical lymph node was
defined as the most proximal of any nodes found within 1 cm
of the vessel ligation at the apex of a vascular pedicle.16

Tumor grade was assessed, taking into account the degree of
differentiation and anaplasia, the nature of the tumor margin
(pushing or infiltrating), and the presence of small vessel
invasion. Tumors were classified as high grade or other.
Venous invasion referred to involvement of thin or thick
walled veins, either within or beyond the bowel wall. When
doubt existed as to whether the structure involved was a vein,
a negative finding was recorded.

This study was based on patients who had a resection
between January 1, 1971 and December 31, 1999, and who
were followed until death or at least to December 31, 2000.
Patients were reviewed approximately every 3 months in the
first year after resection, every 6 months in the second year,
and annually thereafter. Cause of death was determined by
consultation with primary and secondary clinicians and by
reference to statewide and national registries of deaths.

The following patients were excluded: those with meta-
chronous tumor, familial adenomatous polyposis coli, inflam-
matory bowel disease, carcinoma in situ, patients who died of
causes other than colon cancer within 30 days of their
operation or before discharge from hospital, those having a
palliative resection, those receiving preoperative or postop-
erative adjuvant therapy, and those having nonrestorative
resections (Fig. 1). Palliative resections were defined as those
in which there was known residual tumor, either distant or
local.

The definition of anastomotic leakage included all pa-
tients who developed any clinical or radiologic evidence of
dehiscence of the anastomosis, whether or not reoperation or
any other intervention was required.

Statistical Methods
Overall survival time was measured from the date of

resection to the date of death due to any cause, with patients
alive at December 2000 and those lost to follow-up being
censored in survival analyses. Cancer-specific survival time
was measured from the date of resection to the date of death
due to CRC, with censoring as above but also including those
who died of causes other than CRC.

The �2 test was used to examine the significance of
differences in contingency tables. Comparisons of survival
time between strata of categorical variables were made with
the Kaplan-Meier method and log-rank test. Multiple regres-
sion for variables showing a significant bivariate association
with survival employed the Cox method. The assumption of
proportional hazards was checked by examination of plots of
log cumulative hazard for parallelism, and in no case was this
assumption materially violated. Analyses employed SPSS for
Windows, Version 11.1, SPSS Australasia Pty. Ltd, 2002,
and Egret Version 1.02.11, Cytel Software Corporation, MA,

1997. The level for statistical significance was set at 0.05, and
confidence intervals (CI) are at the 95% level.

RESULTS
This study is based on 2980 patients who had a resec-

tion between January 1, 1971 and December 31, 1999. After
exclusions (Fig. 1), 1722 remained for analysis, although 76
of these for whom the cause of death could not be identified
were excluded from analyses of cancer-specific survival.
Twenty-seven patients (1.6%, CI 1.0–2.3%) developed a
general anastomotic leak, defined as one requiring urgent
abdominal reoperation, and in a further 61 patients (3.5%, CI
2.7–4.5%), localized leakage occurred, which was treated
either expectantly or by percutaneous drainage. The preva-
lence of leakage was significantly greater in males than in
females, greater for rectal than for colonic tumors, and greater
in tumors with venous invasion (Table 1). Leakage was not
associated with age, urgency of operation, tumor size, stage,
apical node metastasis, histologic grade, or free serosal sur-
face involvement.

In patients with any anastomotic leakage, local or
general, the 5-year overall survival rate was 44.3% (CI
33.5–54.6%) as compared to 64.0% (CI 61.5–66.3%) in
patients without leakage (Fig. 2), and the hazard ratio (HR)

FIGURE 1. Exclusions from 2980 patients who had a resection
between 1971 and 1999.
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for leakage was 1.6 (CI 1.3–2.1). Cancer-specific survival
was also poorer in patients with leakage (HR 1.8, CI 1.3–2.6).
When general leaks were excluded and local leaks examined
alone, the negative association remained, both for overall
survival (HR 1.7, CI 1.3–2.3) and cancer-specific survival
(HR 2.2, CI 1.4–3.2). There were too few general leaks for
separate analysis.

Bivariate analyses showed that both overall survival
and cancer-specific survival were significantly associated
with gender, age, urgency of operation, stage, grade, apical
node metastasis, venous invasion, and free serosal surface
involvement (Table 2). Overall survival was significantly
associated with tumor size, whereas cancer-specific survival
was not. Neither overall survival nor cancer-specific survival
was associated with tumor site. Proportional hazards regres-
sion commencing with all of the above variables and fol-
lowed by stepwise elimination of nonsignificant variables
yielded final models containing the same set of variables for
both overall and cancer-specific survival (Table 3). Both
models showed a significant independent negative association
between anastomotic leakage and survival with a hazard ratio
of 1.6 for overall survival and 1.8 for cancer-specific survival.
The excluded variables, size, site, and urgent resection were
added separately into these models, but none had a significant

effect. The initially surprising finding that leakage was asso-
ciated with tumor site, whereas survival was not, arose
because leakage was a rare event (total prevalence 5.1%) and
therefore incapable of influencing the fundamental lack of
association between site and survival.

DISCUSSION
In this study, we have shown that anastomotic leakage

is an independent predictor of diminished overall and cancer-
specific survival. There was no relationship between tumor
site and survival, and the association between leakage and
survival was also independent of site. Moreover, this applied
to all leaks, including those that were considered to be merely
localized and were treated expectantly or by percutaneous
drainage. In this study, we were unable to assess the prog-
nostic importance of generalized anastomotic leakage sepa-
rately because of insufficient numbers. However one can
assume that the effect would persist in that group.

To our knowledge, this is the largest series of patients
in which this subject has been examined, and our results are
similar to those of the West of Scotland and Highland
Anastomosis Study Group.8,9 In both of their studies, there
was a significant increase in cancer-specific mortality asso-
ciated with any form of anastomotic leakage. Two other
retrospective studies have suggested a similar effect.10,11

The mechanism by which anastomotic leakage may
adversely affect cancer-specific survival remains open to
speculation. Substantial evidence exists indicating the pres-
ence of viable cancer cells in the bowel lumen of patients
with CRC at the time of operation,17–21 which can be detected
on suture or staple lines of anastomoses.22,23 In the event of
an anastomotic leak, this may lead to extraluminal implanta-

FIGURE 2. Overall survival of patients with and without anas-
tomotic leakage.

TABLE 1. Association Between Total Anastomotic Leakage
and Patient and Tumor Characteristics

Variable With Leak* % P

Gender Female 17/594 2.9 0.002
Male 71/1128 6.3

Age �75 yrs 61/1185 5.1 0.917
�75 yrs 27/537 5.0

Resection at No 84/1649 5.1 0.884
urgent operation Yes 4/73 5.5

Site Colon 26/1113 2.3 �0.001
Rectum 62/609 10.2

Size �5 cm 49/904 5.4 0.539
�5 cm 39/818 5.1

Stage A 16/330 4.8 0.149
B 34/809 4.2
C 38/583 6.5

Apical node No 85/1674 5.1 0.716
metastasis Yes 3/48 6.3

Grade Low/average 76/1442 5.3 0.494
High 12/280 4.3

Venous invasion No 66/1457 4.5 0.010
Yes 22/265 8.3

Serosal surface No 83/1563 5.3 0.237
involvement Yes 5/159 3.1

*Includes all leaks: clinical, subclinical, and radiological.
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tion of cancer cells, which, in a similar manner to involve-
ment of a free serosal surface3 or tumor in a line of resection,4

has the effect of upstaging the disease and reducing survival.
In addition, the inflammatory response to anastomotic break-
down may enhance the tumor spread and metastasis.24,25 These
mechanisms may account for the association between poorer
survival and both local or more generalized leakage. However, it
is also possible, though perhaps unlikely, that leaks occur as a
consequence of other conditions not captured in the data of this
study, which are themselves precursors to poor prognosis, mak-
ing leakage prognostic rather than causative.

The fact that even localized leakage is negatively as-
sociated with survival was surprising. Hitherto, little long-
term clinical significance has been attributed to localized or
subclinical anastomotic leakage. The results of this study
contradict that long-held view.

This study emphasizes the importance of taking mea-
sures to avoid anastomotic leakage. These are known to
include a tension-free anastomosis with good blood supply.
In constructing colorectal anastomoses, the importance of
mobilizing the splenic flexure and dividing the inferior mes-
enteric vein at the lower border of the pancreas to ensure a
tension-free anastomosis has been emphasized previously.26

Anastomotic leak rates have been variably described in up to
39% of patients.1 Attention to surgical detail has been shown
to reduce this to the more acceptable levels described in this
study.
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TABLE 2. Association Between Patient and Tumor Characteristics and Overall and Cancer-Specific
Survival

Variable

Overall Survival Cancer-Specific Survival

HR 95% CI P HR 95% CI P

Male 1.2 1.1–1.4 0.006 1.3 1.04–1.6 0.021
Age �75 yrs 2.1 1.9–2.4 �0.001 1.3 1.06–1.6 0.013
Resection at urgent operation 1.3 1.01–1.7 0.048 1.8 1.2–2.6 0.007
Rectal tumor 1.0 0.8–1.1 0.478 0.9 0.7–1.1 0.184
Size �5 cm 1.1 1.01–1.3 0.032 1.2 1.0–1.4 0.123
Stage* 1.5 1.4–1.6 �0.001 3.2 2.7–3.8 �0.001
Apical node metastasis 3.0 2.2–4.2 �0.001 5.2 3.6–7.7 �0.001
High grade 2.1 1.8–2.4 �0.001 3.8 3.1–4.6 �0.001
Venous invasion 1.7 1.5–2.0 �0.001 1.6 1.4–1.8 �0.001
Serosal surface involvement 2.6 2.2–3.2 �0.001 4.8 3.8–6.1 �0.001

*Stage coded A � 1, B � 2, C � 3.
HR, hazard ratio; CI, confidence interval.

TABLE 3. Multiple Regression of Overall Survival and Cancer-Specific Survival on Anastomotic Leak
and Other Patient and Tumor Variables

Variable

Overall Survival Cancer-Specific Survival

HR 95% CI P HR 95% CI P

Serosal surface involvement 1.8 1.5–2.2 �0.001 2.4 1.8–3.1 �0.001
Stage* 1.3 1.2–1.4 �0.001 2.4 2.0–2.8 �0.001
Apical node metastasis 1.8 1.3–2.5 0.001 1.8 1.2–2.8 0.003
High grade 1.6 1.3–1.9 �0.001 1.8 1.5–2.3 �0.001
Anastomotic leak 1.6 1.2–2.0 0.001 1.8 1.2–2.6 0.002
Venous invasion 1.3 1.1–1.5 0.004 1.5 1.2–1.9 0.001
Age �75 yrs 2.4 2.0–2.6 �0.001 1.4 1.1–1.7 0.004
Male 1.4 1.2–1.6 �0.001 1.4 1.2–1.8 0.001

*Stage coded A � 1, B � 2, C � 3.
HR, hazard ratio; CI, confidence interval.
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